Obj ective: Acquire a better une
usef U for conducti ng €X

Wiy do we care?

Public water supplies are generdly contamnated wtT
Exposureis suspectedto contributeto a number of hed¥

How do exposure and uptake occur ?

When water is usedin atyp cd househad d the occupants are exposec

1 | ngesti on: Occupantsingest water drectly by consum ng bever ages
and stews, baked goods, &c.).

Der mal: During bat h ng and ot her househad d wet er uses, contam nated wat er
throughthe sknintothe d oodstream

| nha ati on: Duri ng water uses, vdatile and sem-vad ailechemcadsarerdeasedinothe
the chemca nmay be absorbedinothe d oodstream Inhal aion exposureis esti natedto I8

Dat a Sour ces
Exanple And ysisfo Showers

Use of household appliances
& REUWS, Employed (N = 1650 (61 users)) ¢ NHAPS, Employed (N = 1616)

The Nationd Human Actiuvty Pattern Survey (NHAPS) dat abase contains resuts of an activty l"BSllltS g SSI0NS Of VOCS into ll’ldOOl" = - EES\\:VVEEUmplmjldyd - ::iiiim;"i'id e

pattern phoneineviewsurvey from QCct. 1992 -- Sept. 1994 far 9 386 persons resi dinginthe airfrom contaminated drinking water a e REUWS Unemployed = = NHAPS, Unemployed
48 conti guous staes, chosento staisticadlyrepresent the U S popul ati on.

Parameters for Best-Fit Lognormal Distributions:

. R . . 0.12 eometric rithmetic
Respondents were askedtorecdl thar activities and | ocati ons for the previ ous 24 hours, 5 Data Set Mean o St Dev g
whi ch wererecorded as codes chosenfrom alist of 83 possi d el ocations and 91 3 NHAPS Employed 238 (10.8min) 0563 12.5 min
3 5o 5 e 5 o nemploye . .5 min . .7 min
possi b e activities. Aso, about haf o the respondent s answer ed specifi c questi ons « REUWS Emploved 106 romm 0404 o5 min
pertanngtowater use S 0.08 REUWS Unemployed  1.88 (6.5 min) 0.495 7.42 min
3
©
L

REUWS Bat h ng and a her

The Resi dentid End Uses of Water S udy (REUWS) dat abase conta ns wet er use persond Vet er uses [ ' -- o
data obta ned from 1, 188 vd unt eer househa ds throughout Nort h Ameri ca : '

Duri ng the period from May 1996 -- March 1998 100 s ngl efamly detached . | -
honmesineach of 12 dfferent munic pdities (locatedinCaliforna Co orado, e . AL
Oregon, Washington, Horida, Aizona and Ontari o) were outfitted wth dat & e
| ogg ng devi ces atachedtother househo d water neter. Water use quantiti es
wer e recorded for four weeks (twoin warm andtwoincod weat her seasons).
The data were and yzed by afl owtrace and ysi s soft ware program( Trace

W zard, Aquacraft Eng neering, Inc.), which d saggregatedthetad weter
vadunmesintoind vidud enduses (i.e, talet, shower, faucet, ec), i ndud ng
event durations, vd unes, etc

RECS

The Resi dentid Energy Consunpti on Survey (RECS) isa nati onw de survey
conductedin 1997, which contd ns energy usage of 5900 U S res dences, as
well asinfor mati on on charact eri stics of the housi ng units, denographi ci nf or-
mati on of theres dents, heating and coding appliances used, d a hes washer
and d shwasher use frequency i nfor mation, fud types, and ener gy consu mpti on.

CSHI

The 1994-96 USDA s Conti nui ng Survey of Food | ntake by Ind v dua s (CSHI) Is a

compr ehensi ve consu npti on dat abase compil ed by i ntervi ew ng 15, 303 persons Recr eati on
representaive of the U S popu aion Theinervews, conducted ontwo non

consecuti ve days bet ween Jan. 1994 and Jan. 1997, i nduded questi ons about what

dri nks and foods they consumedinthe previous 24 hours. Theresuts presentedin the

EPA report, Esti nated Per Capita Water Ingestioninthe United Sates (Jacobs et al., 2000

Publi shed Lterat ure

A varigy o publishedliterature were d so reviewed, i nclud ngthe fdlow ng: Bever ages
» Sud estha examned bat hand shower flow at es, durations, frequenci es and wat er tenperat ure | .. | o | ‘ ‘ ‘ ‘
» Sud estha exani ned utralowflow and | owfl owtaletsfor flush vol unmes and fl ush b 4
frequenci es. ' ~~__~
« S ud es by Consumer Reportsthat quantifiedthe vd ume and duration of d ahes and
d shwashers.
e Manufacturer datafor vd ume of water and cycle durations for d a hes and d shwashers.

Shower Duration (minutes)

Fitted Lognormal Plot of Shower Duration Data Based on Employment Status

Househd d d ean ng
laundry, €c

mmm Shower Flowrate

—— Fitted Lognormal Distribution

Parameters:

0.30 | Geometric Mean = 0.69 (2.0 gallons per minute)

Geometric Std. Dev. = 0.455
0.25 + Arithmetic Mean = 2.4 gallons per minute

N = 26646

Normalized Frequency

6
Shower Flowrate, gallons per minute

Distribution of Water Flowrates for Showers, REUWS

Summary o Analysisfor Water Uses Concl usi ons and D scussi on

The results of this analysis provides the basis for better representation of uses and

Shower Frequency and Duration Analysis Direct and Indirect Water Consumption for Selected Populations

Frequency Analysis (NHAPS) Duration Analysis (NHAPS and REUWS) , o , Parameters to Fitted Distribution .
Percent of population who took | Overall Number of Persons Parameters of Fitted LN Distribution &‘:&‘;ﬁﬁgi‘s (P;f;ncseunr:lgﬁ Arﬁf[l;:;letlc ‘;Eg:l Conrsl:rtr?];l)tion Umg;‘:;’mptm“ Subsequently better estimates of exposure and uptake.
Number this number of showers Frequency ' ' . . Only) Population| mlday | ml/kg of ml/day
. of REUWS Geometric Mean | Geometric Std. Dev | Arithmetic Mean body Geom. | Geom. Std| Geom. | Geom. Std . . . .
Population | Person- (showers per NHAPS | REUWS weight/day | Mean | Deviation| Mean | Deviation Linking the use of contaminated water with exposure and potential risk analyses can be
Group Days 0 1 2 >) | person-day) || NHAPS | Events | Users | (min) (min) | NHAPS | REUWS | NHAPS |REUWS Water Consumption: Direct for Fine Age Categories . . . .
[OVERALL | 4608 [22.1 %] 59.6 % |17.4%] 0.8% | _ 098 2714 | 3241 | 151 | 113 | 68 ] 0579 | 0493 | 132 | 7.65 <05 years 245 0 TR .5 o5 || 5w | oo accomplished using an exposure model that represents factors leading to contaminant
Male 2141 [19.8 %] 58.8 % [20.4 %] 1.0 % 1.03 1250 | - — 11.1 _ 0.583 — 13.1 — 1-3 years 62.5 295 21 19133 | 0859 | 1448 | 0.847
Female 2465 243 %] 603 % |14.8%| 0.6% |  0.93 1462 | - — 11.4 _ 0.575 — 13.2 — 4-6 years 72.5 378 19 122801} 0935 | 1217 | 0932
7-10 years 789 402 13 24398 | 0934 | 854 [ 0.863 . . .. ..
AGE 11-14 years 774 535 1 |31539] 0989 | 677 | 0915 Such a model must represent the physical environment, the emission characteristics of
0-5 yrs 299 [849%]| 11.4% | 3.3% | 0.3 % 0.19 29 — — 15.7 - 0.576 — 18.1 — 15-19 years 75.1 706 11 410.06 0.981 6.69 0.912 - o . . .
512 yrs 329|547 %) 359% | 91% | 03% | 055 2 | - - 12,5 - 0.553 - 14.6 _ 2024 years =15 — 5 Tanoil 105 677 | 1o the water appliances during their use, and the water-use and location behavior of the
12-18 yrs 335 [14.0%]| 62.4% [21.5%] 2.1 % 1.12 204 — — 13.4 - 0.571 — 15.8 — 25-54 years 713 787 10 467411 0977 | 670 | 0914 ) « 4o « e . . .
1833 415 033 719 639 osgoil 000 T 121 o T — o T o5 T 3 - — Y = o TanssT os e T o5 occupants. The water-use characteristics and distributions discussed and presented in
33-48 yrs 1076 19.4% | 67.7% [218%| 1.1%| 116 729 | - - | 1Ll - | 058 | - 130 | - >= 65 years 75.1 789 I }50989| 0830 | 7.61 | 0778 this paper are analyzed such that the data can effectively be utilized by an exposure
48-63 yrs 744 115.3 %[ 68.3 % |15.6 %[ 0.8 % 1.04 517 - - 10.2 - 0.578 — 11.8 — All Ages 72.1 702 12 404.52 1.008 7.12 0.947 . . . e
> 63 yrs 718 [33.8%| 58.1% [78%[03%[ 076 409 [ - - [ 105 [ - [ oei - 12.5 - Water Consumption: Indirect for Fine Age Categories model (such as the Total Exposure Model (TEM)) when simulating realistic occupant
<0.5 49.3 518 86 264.57 1.125 33.53 1.198 o . . . .
R ST 23 R T Tos Tyt g water-use behaviors of various populations. Though the available databases provide
re g 397 [252%| 60.5% | 13.6% 08% |  0.92 234 | 270 13 14.1 7.2 0.562 | 0500 | 16.4 8.21 1-3 years 84.0 154 12 81.72 | 1.199 | 6.17 | 1.082 ioni : : - : :
S e 213 = . oo T 130 T a5e T 1030 significant information on water-use parameters, there is need for considerably more
gﬁ q Schoo 2129 |15.0 %| 64.7% | 19.7% 0.6 % 1.07 1362 | 1545 | 74 11.3 6.4 0573 | 0493 | 13.1 7-10 years 77.6 175 6 80.63 | 1327 | 398 | 0.863 research in quantifying these behaviors.
. 11-14 years 78.8 228 5 100.99 1.396 2.53 1.020
College Grad. 1084 110.7 %[ 68.9 % | 19.2 %| 1.2 % 1.12 743 1146 51 9.7 7.3 0.553 0.487 11.1 15-19 years 0.0 736 4 12631 1361 > 54 1.037
Analysis also conducted for race, housing type, number of adult occupants and employments status. (Refer to the report citation, below) 20-24 years 86.6 398 6 181.89 1.350 3.74 0.919
25-54 years 89.0 608 8 314.57 1.184 4.92 0.987 1
e o o Rel ated S ud es/ Cont act | nf ormati on
>= 65 years 88.1 606 9 398.14 0.892 5.77 0.830 . . . .
All Ages 86.0 489 8 [22303] 1331 | 452 | 1.063 Two papers presented at this conference utilize the results of this analysis:

Analysis was also conducted for gender and women of

Bathing Frequency and Duration Analysis childbearing ages. (Refer to the report citation below)

1. “Integrated Probabilistic and Deterministic Modeling Techniques in Estimating

BiEequen ey SIS AT ) Qunationy fuiztlySSTINEHAYS ) Exposure to Water-borne Contaminants: Part 1: Exposure Modeling,” CR Wilkes
9 9
Overall Parameters of Fitted LN Distribution .
Percent of population who took this | Frequency JN Blancato, SC Hern, FW Power and SS Olin.
Nl‘;g;’;’s; of number of baths (bath N“‘;‘fber Geometric Mean | GeometrieStd. | . . Recommended Frequency Data of Clothes Washer Use as “ L oL . . . . .
- aths per . o . .
Population Group Days 0 | ) =3 | pereon-day) || Persons (min) Deviation Mean (min) a Function of Household Size 2. “Integrated Probabilistic and Dete.rmlnlstlc Modeling Technl.que.s in Estuflatlng
OVERALL 4591 [ 77.5% | 174% | 41% | 1.0% 032 784 17.6 0.633 20.9 [ regueneyofClothes Washer bse Exposure to Water-borne Contaminants: Part 2: Pharmacokinetic Modeling,” JN
Total . .
GENDER Occupant| Occupants| Occupants | Occupants| Occupants| Blancato, FW Power, CR Wilkes, AM Tsang, SC Hern, SS Olin.
Male 2138 [ 832% | 139% | 25% | 0.5% 0.22 291 17.2 0.663 20.7 Estimated
Female 2451 72.5 % 20.5 % 5.5 % 1.5 0/0 0.40 493 17.8 0.614 21.0 ?Ouseh‘)ld mean 32 52 6.8 8.5 92 6.1
requency ' ' ' ' ' ' ° o
AGE (oadsiwosk) Contact Information
0-5 yrs 209 67% | 789% | 124% | 1.9% 131 180 19.8 0.613 232 Estimated per -
5-12 yrs 336 563% | 402% | 33% | 03 % 0.48 116 18.6 0.511 20.8 capita frequency 32 2.6 2.3 2.1 1.8 2.3 . .
12-18 yrs 327 | 862% | 116% | 21% | 0 0.16 39 21.6 0.484 24.0 (loads/week) Stephen C. Hern, U.S. Environmental Protection Agency, Human Exposure and
18-33 yrs 1019 | 819% | 107% | 54% | 1.9% 0.30 111 17.4 0.592 20.5 At heric Sci Divisi Las V NV USA. Ph . (702) 798-2594. Email:
33-48 yrs 1077 | 825% | 109% | 51% | 1.6% 0.29 116 17.5 0.706 217 mosphneric Sciences Division. L.as vegas, . one: (702) - - Lmall:
48-63 yrs 756 85.7% | 11.6% | 22% | 04% 0.19 86 15.3 0.675 18.4 . } hern. hen@. i
> 63 yrs 730 786% | 189% | 23% | 0.1% 0.26 129 15.0 0.651 18.2 Recommended {Iy[l)lcal TOI(; Boad:id C;;)tltles Washer Cycle ern.stephen@.epa.gov
olume and Duration Data
E‘;r‘i%?;fgiool Cycle 1 T ot Charles R. Wilkes, Wilkes Technologies, Bethesda, MD USA. Phone: (301) 530-0926.
392 762% | 168% | 48% | 2.0% 0.37 63 19.6 0.667 23.4 . . .
Grad. }/f)lume . 16.6 g.allons Mean volume f9r first fills (REUWS) Em all: C.Wllk es @Wllk este Ch. com
High School Grad. 2120 [ 813% | 132% | 43% | 12% 0.27 273 15.8 0.661 19.3 15 G 1L sofrmingiss || Eaeed o erppmmirieiii] dhie
College Grad. 1084 | 86.1% | 101% | 3.0% | 0.7% 0.21 110 15.5 0.647 18.8 Time to Agitate 12.0 minutes | Based on experimental data
Analysis also conducted for race, housing type, number of adult occupants and employments status. (Refer to the report citation, below) Time to Drain/Spin 4.0 minutes Based on experimental data

Toilet Frequency, Water Volume and Fill

Cycle 2 is 100% likely to occur; cycle 3 is .
Duration

Cycles 2, 3 and 4 Rinse 18.7% likely to occur; cycle 4 is 0.8% likely to

Report Citation

occur (based on REUWS data) The fre . . . .
. quency of toilet use for the general population Th nal r lish in the r rt:
Volume 15.3 gallons Mean volume for second fills (REUWS) can be reasonably represented as a mean frequency of €SC ana yseS arc pllb S ed the epO t:
. Time to Fill 7.5 minutes Based on experimental data 5.2 flushes per person per day. . .
RecommendedFFre(:.uenC)ffI];ata fl(:rllglg!lwasher Use Recommended Dishwasher Volume and Tims fo Agital 40 minutes | Based on exporimontal data e ot o o e foane 0 b best represented o Wilkes C.R., A.D. Mason, L.L. Niang and K.L.
as a Function of Househo 1ze . i ) i i
Duration Data Tlm-e P . 8.0 minutes Based on experimental data a normal distribution with a mean of 3.9 gallons and a Jensen' 2 002 * 9 uantlﬁcatlon Of EXDOSllre
Estimated mean Number of Occupants Parameter Recommended Value Comments Drain/Spin/Spray standard deviation of 1.3 gallons Related Wat U for Vari U.S
frequency 1 2 3 4 5 or more | Overall Dutation 100 minutes Based on average of Atilatliysis l:vzlls a;so conducted for front—loaded clothes washers. (Refer to the report e gt - . clate ater USseEs 10r _various u.n.

citation, below . e time to refill the tank following a flush can be =
Events/Household/week | 2.5 | 34 | 38 | 46 5.1 37 Total Volume | 8 gallons manufacturer and survey o DS I VA RS Subpopulations. Draft report prepared for
Events/person/week 2.5 1.7 1.3 1.2 1.0 1.4 Nl @il || S il ata mean of 65.9 seconds and a geometric std. dev. of 0.4.

Office of Research and Development, U.S. EPA.




